A computerized dental model was used to study the stress induced in a Class 1 amalgam restoration when supported by bases of varying materials and thicknesses. Under The most recent study, by Vieira and Mondelli,9 used a Class 2 MOD cavity preparation in cast chrome-cobalt teeth that were restored with amalgam and cement bases and subjected to static loading. These systems used the fracture strength of the amalgam under load as an index of the support provided by the bases. Variations in the model systems particularly pertaining to materials used in place of the natural tooth and the difficulty in reproducing the loading on the surface of the amalgam restoration, have precluded comparisons between the various studies and the in vivo situation.
A computerized dental model was used to study the stress induced in a Class 1 amalgam restoration when supported by bases of varying materials and thicknesses. Under the same load, the maximum tensile stresses and deflections in the amalgam restoration increased at least threefold with a zinc oxideeugenol base as compared with a ZnPO4 cement base.
It is a recommended procedure in restorative dentistry to place an intermediary cement base under deep preparations for amalgam restorations. These bases are of low thermal conductivity and serve to protect the vital tissues from thermal shock. A further requirement is that the base have sufficient strength to withstand both the forces of condensation and mastication transmitted to it through the restoration.
The ability of cement bases to withstand condensation forces has been investigated by a number of authors'-3 and it was determined that a minimum compressive strength of 170 psi was necessary to prevent displacement of the base during condensation. 2 There is a general belief that zinc oxideeugenol (ZOE) cements Materials and Methods A first molar was idealized by an axisymmetric model and was analyzed by the finite element method." The morphology, as well as the composition of the model, was constructed to reflect the actual properties of dental tissues (Fig 1) . A cavity preparation 4.5 mm in diameter and 4.0 mm deep, the depth being measured from the occlusal fossa of the model to the base of the cavity floor, was incorporated into the model. Various combinations of cement bases, cementbase thicknesses, and an amalgam restoration of constant dimensions were simulated in the cavity preparation and subjected to 45 kg instantaneous loading to minimize the viscoelastic behavior of dentin. The load was axisymmetrically applied and annularly concentrated, as shown in planar form in The following situations were simulated and examined: (1) amalgan restoration to C-D (Fig 1) , supported by dentin; (2) amalgam restoration to C-D), supported by 2 mm ZnPO4 cement base; to C-D, supported by 0.5 mm ZOE, which in turn was supported by dentin; (6) amalgam restoration to C-D, supported by a dentin floor that contained a reduced cavity in its central part (an excavation 2 mm in diameter filled with a 2 mm thickness of ZOE cement base); (7) a preparation similar to (6) except that ZOE was replaced by ZnPO4 cement base; (8) amalgam restoration down to line A-B, supported by some enamel (crowded cross hatch lines in Fig 1) and the rest of the cavity being dentin; and (9) as in (8) with the enamel completely deleted.
In all of these circumstances a layer of varnish was simulated at the cavity wall as shown in Figure 1 , and in one instance the varnish was deleted and its effects on the stresses were analyzed. Figure 1 . In Figure 2 the maximum tensile stresses in the amalgam, adjacent to the amalgam-cement base interface, were plotted as a function of the radius. Figure 2 illustrates the difference in magnitude of the tensile stresses induced in a horizontal plane in the amalgam supported by a cement base of constant thickness (2 mm) with different mechanical properties. The plots of maximum tensile stress started at the center of the cavity and extended toward the cavity wall. Because of the symmetry of the model, and the symmetry in loading, the stress distribution was radially symmetric around an axis passing through the center of the cavity. In Figure 3 the stress gradient across the interface between the amalgam and either the ZnPO4 or the ZOE cement base is shown. The stress gradient increased from threefold to fourfold when the ZOE cement base replaced the ZnPO4 base. In Figure 4 , the maximum tensile stress at the amalgam-base interface was plotted for the instance in which the dentin floor contained a reduced cavity in its central part (an excavation 2 mm in diameter; Fig 1) . The maximum tensile stress followed the same trend as in Figure 1 . In this case the slope of the stress curve was accentuated; this largely was due to the rapid change in material properties. In Figure 5 the maximum deflection along line C-D was plotted to demonstrate the effect of the base on the deflection in the amalgam. The deflection increased by more than three and a half times when the ZnPO4 cement base was replaced by the ZOE base. Because of the size and location of the finite element grid in the enamel (case 8) no attempt was made to plot a curve for the distribution of the stresses in that area. However, near the center of the cavity preparation just above the enamel-amalgam interface (line A-B) a drop of almost 100% in the tensile stress occurred when the enamel was supporting part of the amalgam.
Discussion
An analysis of the restored tooth by Tylman14 indicates that a Class 1 restoration under load behaves as a beam. The yielding floor of dentin or cement under the restoration serves to introduce bending stresses in the restoration and place its lower border in tension. For materials of low tensile strength this lack of support might be sufficient to induce fracture. Experimental results from the model system used by Luke7 indicate that fracture is induced at the amalgam-base interface and propagates to the occlusal surface. This study uses the induced stresses in the amalgam adjacent to the amalgam-base interface as an index of the supporting ability of the base material and hence its ability to prevent tensile fracture of the restoration. The present study shows that the tensile stress induced in the amalgam restoration was from four to five times higher when the amalgam was supported by 2 mm ZOE cement base, as compared with an equal thickness of ZnPO4 cement base (Fig 2) . When the stresses induced in the amalgam by a ZnPO4 base of 2 mm are considered in relation to those induced by a dentin floor alone it can be seen that replacement of dentin by ZnPO4 to a depth of 2 mm does not result in any significant increase in the tensile stress induced in the amalgam. This result is contrary to the postulation of Vieira and AMondelli9 who concluded that a decrease in the fracture strength of amalgam must be anticipated for deep cavities that require bases. In contrast, increasing the depth of a ZOE base markedly increased the stresses in the amalgam restoration. It appears that the ZOE, unlike ZnPO4 cement base, does not behave as a rigid material in dissipating the stress to the surrounding tissue, but transmits it more directly to the cavity floor and induces a larger displace- ment of a cement base with similar mechanical properties to ZnPO4, particularly the modulus of elasticity, but without the deleterious biological properties. Even thin layers of ZOE (0.5 mm) caused significant changes in the stress induced in the amalgam, and if all other factors are equal, it is better from a mechanical standpoint to place the restoration on a dentin floor rather than interpose a thin layer of ZOE cement base.
The low strength of ZnO cement and its inability to resist condensation has been recognized, and the use of composite bases has been recommended. Both this study and that of Luke7 indicate that this is preferential to the use of ZOE alone. It appears that the increased support offered by the combined ZnPO4 and ZOE base over an equivalent thickness of ZOE is due to a reduction in the thickness of the ZOE. It has been considered by some au- In clinical dentistry the use of a base is frequently necessary to fill a deep central excavation to the level of the cavity floor. Although the experimental model used by Hoppenstand and McConnell5 did not determine a decrease in strength when ZOE base was used in place of a ZnPO4 base in a central excavation, these differences were readily distinguishable by the present model (Fig 4) . As in previous instances no dif-ference between a flat dentin floor and a dentin floor with a deep central excavation was evident when this excavation was filled with ZnPO4, but again there was a noticeable difference when ZOE was used in the excavation.
Comparison of the stresses induced in the amalgam restoration when the cavity floor contains a central area of enamel (case 8) and when the cavity floor is of equal depth but composed only of dentin showed that the former induced less stress in the amalgam restoration. It is presumed that the higher modulus of the enamel provides support in the area where the deflection of the amalgam would normally be the greatest. Thus, it reduces the induced tensile stresses in the amalgam. Although it is not recommended that enamel be left in a cavity floor for support, the results indicate that if the cavity has sufficient depth for an amalgam restoration and some enamel is still present, it will not contribute to the mechanical failure of the restoration but will reduce the tensile stress at the amalgam tooth interface. The effect of the modulus on the deflection in the amalgam was again observed in Figure 5 . 
